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In the present study, we evaluated the effect of long-term ingestion of detoxiﬁed castor
meal on in vitro development of sheep preantral follicles as well as on the developmental
competence of oocytes from antral follicles. Ovarian fragments were cultured for one or
seven days and further analyzed by histology and ﬂuorescence microscopy (experiment 1).
The cumulus oocyte complexes (COCs) obtained from antral follicles were matured in vitro
and activated by parthenogenesis or fertilization in vitro (experiment 2). Even after 1 day of
culture, in both tested groups, a signiﬁcant reduction in the percentage of primordial folli-
cles and a concomitant increase in the percentage of intermediate follicles were observed
when compared to non cultured tissue. After 7 days of culture, the percentage of primary
follicles in both tested groups was signiﬁcantly higher when compared to the non cultured
tissue or the tissue cultured for 1 day (P<0.05). The number of in vitro embryos producedetoxiﬁed castor meal was similar between the tested groups. However, for those animals fed with detoxiﬁed
castor meal, the parthenogenesis method resulted in a higher number of embryos (moru-
lae) when compared to in vitro fertilization (IVF) activation. In conclusion, detoxiﬁed castor
meal can be used as an alternative protein source without affecting the ovine preantral and
antral folliculogenesis.
© 2013 Elsevier B.V. Open access under the Elsevier OA license. ∗ Corresponding author at: Programa de Pós-Graduac¸ão em Ciências
eterinárias (PPGCV), Laboratório de Nutric¸ão e Produc¸ão de Ruminantes
LANUPRUMI), Universidade Estadual do Ceará (UECE), Av. Paranjana,
700, Campus do Itaperi, Fortaleza, CE 60740-000, Brazil.
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The castor oil plant (Ricinus communis L.) is one of
the most traditional crops produced in the semi-arid
region of Brazil. Its cultivation has great economic and
social importance, with direct practical applications in
the cosmetics and automobile industries, and it is one of
the main oils used for biodiesel production (Diniz et al.,
2010). However, there are major environmental concerns
regarding the large amount of byproducts generated by the
inant Re354 L.M. Silva et al. / Small Rum
biodiesel industry during castor oilmanufacture (European
Food Safety Authority, 2008). For each ton of castor oil,
1.31 ton of husks and 1.13 ton of meal are produced (Lima
et al., 2011). This byproduct is a potentially environmen-
tal contaminant containing toxic and allergenic elements,
including ricin, ricinine and the allergen complex CB-1
(Burdock et al., 2006).
The ricin consists of a two-subunit protein (subunit A
and B) bound by disulﬁde linkages (Barnes et al., 2009).
According to the model proposed by Audi et al. (2005),
the ricin B subunit binds to the plasma membrane gly-
coproteins and glycolipids and penetrates the cytosol by
endocytosis. Once in the cytosol, ricin is translocated by
vesicular transport into endosomes and then to the Golgi
apparatus and endoplasmic reticulum, the site of subunit
A and B cleavage. The presence of subunit A in the cytosol
promotes protein synthesis inactivation by removal of ade-
nine from the 60S ribosomal subunit. Furthermore, ricinine
and CB-1 can trigger, respectively, bleeding and respira-
tory disorders in humans (Schieltz et al., 2011). Despite the
presence of toxic compounds, there is a growing interest in
converting castorbyproducts toalternative feed sources for
ruminants due to the nutritional content of these products.
Several studies have been conducted to establish efﬁ-
cient methods for castor meal detoxiﬁcation and, thus,
make it suitable for animal consumption (Godoy et al.,
2009). Currently, there are many chemical and mechani-
cal methods (Anandan et al., 2005) used to detoxify castor
meal.However, until now, the effects of castormeal feeding
on livestock and livestock reproduction have not been well
understood. Moreover, no previous research has investi-
gated the possible toxic effects of a long-term castor meal
diet on the folliculogenesis of sheep.
The possible detrimental effect caused by this type
of feed on pre-antral folliculogenesis can be evalu-
ated using in vitro follicular culture, particularly culture
employing primordial follicles, which represent the main
resting stockpile of germ cells in the mammalian ovary
(Figueiredo et al., 2011). Similarly, techniques used
for oocyte activation, such as in vitro fertilization and
parthenogenesis, can be employed to investigate oocyte
developmental competence fromantral follicles toproduce
embryos in vitro. Therefore, theaforementioned techniques
can aid in studies of reproductive toxicology. Thus, the
aim of this study was to verify if the long-term ingestion
of detoxiﬁed castor meal affects the activation, viability
and growth of ovine preantral follicles cultured in vitro as
well as the developmental potential of oocytes from antral
follicles to produce embryos in vitro after activation by
parthenogenesis or in vitro fertilization.
2. Materials and methods
This study was submitted and approved by the Ethics Committee for
experimental use of animals of the State University of Ceará (CEUA-UECE)
with the protocol number 09230950-0/74.
2.1. Source of animals and dietary treatmentsIn this work, 12 adult (2–4 years) multiparous Santa Inês breed sheep
were used for the study. During 15 months (March 2010 to June 2011),
the animals were randomly divided into two experimental groups: soy-
bean meal (control), n=6; and detoxiﬁed castor meal, n=6. The group ofsearch 113 (2013) 353–359
animals fed with soybean meal (control) received Tifton hay and concen-
trated meal (80% corn, 15% soybean meal, and 5% minerals). The animals
fed with the detoxiﬁed castor meal received Tifton hay and concentrated
meal (80% corn, 15% castor meal, and 5% minerals). Both diets were isoen-
ergetic (74% of NDT) and isoproteic (14% gross protein) following the
nutritional requirements of maintenance (NRC, 2007). Each experimental
group was kept in a collective stall with mineral salt and water ad libitum.
2.2. Chemical treatment of castor meal and quantiﬁcation of ricin
The detoxiﬁcation was performed as described by Anandan et al.
(2005). For each 1kg of castor meal, 60 g of calcium oxide was added
for detoxiﬁcation. The treated samples were left overnight (8h). Subse-
quently, the sun-dried lime-treated samples were used for analysis. After
this process, ricin elimination was detected by electrophoresis in a 12%
polyacrylamide gel under non-denaturing conditions (native-PAGE) per-
formed in a vertical mini-gel Bio-Rad PowerPac Basic Supply system. The
gel was stained with Coomassie Blue R250, and ricin quantiﬁcation was
accomplished by determination of total protein in the castor meal sam-
ples using the Bradford method (1976); bovine serum albumin (BSA) was
the standard for normalization. The polyacrylamide gel imageswere visu-
alized by an ImageScannerTM from GE Healthcare (ImageMaster software
compatible) andwere analyzedwith the ImageMaster Platinumprogram.
The protein bands were quantiﬁed into volume units (area× intensity)
following the methodology described by Meunier et al. (2005).
2.3. Chemical source and ovarian recovery
Unless otherwise mentioned, all chemicals used in the present study
were purchased from Sigma Chemical Co. (St Louis, MO, USA). The ovaries
of six animals from each experimental group i.e., soybean meal (con-
trol) and detoxiﬁed castor meal, were collected immediately postmortem.
The ovaries were washed once in 70% alcohol for 10 seconds and twice
in Minimum Essential Medium (MEM) supplemented with HEPES and
antibiotics (100g/mLpenicillinand100g/mLstreptomycin) andﬁnally
transported within 1h to the laboratory in MEM at 4 ◦C (Chaves et al.,
2008).
2.4. Experiment 1. Effect of long-term ingestion of detoxiﬁed castor
meal on the activation, growth and viability of ovine preantral follicles
2.4.1. Ovine preantral follicle culture
In the laboratory, ovarian cortical tissue samples from each ovarian
pair of both experimental groups i.e., soybean meal (control) and detox-
iﬁed castor meal, were cut into slices (approximate size 3mm×3mm,
with a thickness of 1mm) using a needle and scalpel under sterile con-
ditions. The tissue slices were then immediately analyzed (non cultured
tissue) or placed in culture for one or seven days randomly. Before and
after culture period the fragments were analyzed by classical histology
and ﬂuorescence microscopy.
The ovine tissue slices destined for in vitro culture were transferred
to 24-well culture dishes containing 1mL of culture media. The basic cul-
ture medium was -MEM (pH 7.2–7.4) supplemented with ITS (insulin
10g/mL, transferrin 5.5g/mL and selenium 5ng/mL), 2mM glutamine,
2mM hypoxanthine, 1.25mg/mL BSA and 50ng/mL recombinant follicle-
stimulating hormone (rFSH). The culture medium was incubated for 1h
prior to use and replenished every other day. The culture was performed
at 39 ◦C in 5% CO2 in a humidiﬁed incubator. In this particular experiment,
the animal represents the experimental unit.
2.4.2. Morphological analysis and assessment of in vitro follicular
growth
Before (non cultured tissue) and after one or seven days in culture,
the pieces were ﬁxed in Carnoy’s solution for 4h and then dehydrated in
increasing concentrations of ethanol. After parafﬁn embedding (Synth,
São Paulo, Brazil), the ovine tissue slices were cut into 7-m sec-
tions, and each section was mounted on glass slides and stained with
hematoxylin–eosin. The follicular development stages and survival rates
were assessed microscopically in serial sections. Coded, anonymized
slides were examined using a microscope (Nikon, Japan) under 400×
magniﬁcation.
The developmental stages of follicles were classiﬁed as either primor-
dial (1 layer of ﬂattened granulosa cells around the oocyte) or growing
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ollicles as described by Silva et al. (2004). Growing follicles were sub-
ivided into intermediate (one mixed layer of ﬂattened and cuboidal
ranulosa cells), primary (one layer of cuboidal granulosa cells), or sec-
ndary (twoormore layers of cuboidal granulosa cells around the oocyte).
ndividual follicles were further classiﬁed as histologically normal when
n intact oocyte was observed to be surrounded by well-organized granu-
osa cells in oneormore layers andwhennopyknotic nucleuswaspresent.
tretic follicles were deﬁned as those with a retracted oocyte, pyknotic
ucleus, and/or disorganized granulosa cells detached from the basement
embrane. Overall, for each animal, preantral follicles were evaluated in
on cultured tissue (n=30) or ovarian tissue cultured for one day (n=30)
r seven days (n=30), totaling 90 follicles per animal.
To evaluate follicular activation, only intact follicles with a visible
ocytenucleuswere recorded, and theproportionofprimordial andgrow-
ng follicles was calculated at day 0 (non cultured tissue) and after 1 or 7
ays of culture. In addition, follicle and oocyte diameters were measured
nly in morphologically normal follicles. Follicle diameter was recorded
s the length from edge to edge of the basement membrane or from the
utside edge of the thecal cell layer when present. Oocyte diameter was
ecorded as the length from edge to edge of the oocyte membrane. Two
erpendicular diameters were recorded for each parameter, and the aver-
ge of these two values was reported. Further, each follicle was examined
n every section in which it appeared and matched with the same follicle
n adjacent sections to avoid double counting, thus ensuring that each
ollicle was only counted once regardless of its size.
.4.3. Viability assessment of follicles cultured in vitro
Before (non cultured tissue) and after one or seven days of culture,
reantral follicles were isolated using the mechanical method described
yAmorimet al. (2000). Suchmechanical procedure has been successfully
sed for the isolation of preantral follicles from ovarian fragments before
r after in vitro culture (Celestinoet al., 2011). Brieﬂy,witha tissuechopper
The Mickle Laboratory Engineering Co., Gomshal, Surrey, UK) adjusted to
sectioning interval of 87.5m, sampleswere cut into small pieces. These
ieceswere placed in 2mL ofMEMand suspended 100 times using a large
asteur pipette (diameter: 1600m) and then 100 times with a smaller
asteur pipette (diameter: 600m) to dissociate preantral follicles from
tromal tissue. The obtained material was ﬁltered in 200m nylon mesh,
esulting in a suspension containing small preantral follicles ≥200m
hat were transferred into a 100L droplet of MEM. Preantral follicles
ere analyzed using a two-color ﬂuorescence cell viability assay based
n the simultaneous determination of live and dead cells by calcein-AM
nd ethidium homodimer-1 exposure, respectively. While the ﬁrst probe
etected intracellular esterase activity in viable cells, the latter labeled the
ucleic acids of non-viable cells showing plasma membrane disruption.
he test was performed by adding 4M calcein-AM and 2M ethidium
omodimer-1 (Molecular Probes, Invitrogen, Karlsruhe, Germany) to the
uspension of isolated follicles, followed by incubation at 37 ◦C for 15min
nd analysis with an inverted microscope (Nikon, Tokyo, Japan).
.5. Experiment 2. Effect of long-term ingestion of detoxiﬁed castor
eal on the meiotic competence of oocytes activated by
arthenogenesis or in vitro fertilization
.5.1. In vitro maturation, parthenogenic activation and fertilization of
ocytes derived from antral follicles
The cumulus oocyte complexes (COCs) were obtained during the
varian tissue fragmentation of experiment 1. The COCs from each exper-
mental group, soybean meal (control) and detoxiﬁed castor meal, were
ooled and classiﬁed as G-I to G-IV based on the unexpanded cumu-
us cell layers and cytoplasmic uniformity as follows: G-I, multilayered
ompact cumulus cells and ﬁnely granulated oocyte cytoplasm; G-II, one
o three layers of cumulus cells and granulated oocyte cytoplasm; G-III,
o cumulus layer or heterogeneous oocyte cytoplasm; and G-IV, oocytes
ith abnormal shapes and heterogeneous oocyte cytoplasm or apoptotic
ocytes within a jelly-like cumulus cell corona. Only G-I, G-II and G-III
OCs were selected for in vitro maturation (IVM).
The selected COCs were washed 3 times in a maturation medium
omposed of TCM199 supplemented with 1mg/mL BSA, 5mg/mL pitu-
tary Luteinizing Hormone (LH), 0.5mg/mL rFSH, 1mg/mL 17-estradiol,
0 ng/mL Epidermal Growth Factor (EGF), 50mg/mL insulin-like growth
actor – 1 (IGF-1), 100mmol/L cysteamine and 1mmol/L pyruvate. Using
his medium in our laboratory, the mean maturation rate of COCs recov-
red from antral follicles was 80% (Figueiredo et al., unpublished data).search 113 (2013) 353–359 355
After washing, the oocytes were transferred to 50mL drops of matura-
tion medium under mineral oil and then incubated for 24h at 39 ◦C with
5% CO2 in air. After maturation, the oocytes were destined either for in
vitro fertilization (IVF) or parthenogenic activation as described below.
The rate of morula was calculated as follows: (number of oocytes reached
the morula stage/number of oocytes destined to activation)×100.
2.5.2. In vitro fertilization
For the IVF procedure, frozen semen from Santa Ines rams with
proven fertility was used in the present study. Frozen/thawed semen was
separated by centrifugation (10min at 900g) on 2mL of Percoll discon-
tinuous density gradient (45/90%) (Amersham Biosciences Limited, USA).
The spermatozoa were placed in 100L droplets of IVF medium, which
consisted of TCM 199 supplemented with 2% estrus sheep serum and
10mg/mL heparin in a Petri dish covered with mineral oil and placed
in a CO2 incubator for 1h at 39 ◦C before insemination. The sperm con-
centration was then adjusted to 200×106 cells/mL, and 15 oocytes were
added to the stabilized droplets containing spermatozoa. The dishes were
placed in a 5% CO2 incubator at 39 ◦C. Then, only 24h after insemination,
presumptive zygotes were evaluated under a stereomicroscope for evi-
dence of cleavage. The presumptive zygotes were washed and cultured
in vitro for 5 days in synthetic oviduct ﬂuid (SOF) medium supplemented
with 10% fetal bovine serum (FBS).
2.5.3. Parthenogenic activation
In vitromatured oocyteswere activated by exposure to 2mM6-DMAP
in SOFaa+0.4% BSA for 3.5h at 39 ◦C. Activated oocytes were cultured in
SOFaa+10% FCS at 39 ◦Cunder 5% CO2 in air. Embryo formation rateswere
determined after 5 days of in vitro culture.
2.6. Statistical analysis
Data were initially subjected to the Kolmorogov-Smirnov and Bartlett
tests to conﬁrm normal distribution and homoscedasticity, respectively.
Two-way analysis of variance (ANOVA) was then performed using gen-
eral linear model procedures (SAS version 8.0, Inc., Cary, NC, 1996). The
model used in ANOVA included the feed system, days of culture and type
of oocyte activation (IVF or parthenogenesis) as sources of variation. The
Dunnett’s test was applied for comparison among treatments, and the
Student Newman Keuls (SNK) test was used to compare percentages of
primordial survival and developing follicles between treatments and days
of culture. The results are expressed as mean± standard deviation (SD).
Data from degenerated oocytes and embryo production are expressed as
percentages and were compared using the Chi-square test. Differences
between groups were considered signiﬁcant when P<0.05.
3. Results
3.1. Experiment 1
3.1.1. Ovine preantral follicle survival before and after
in vitro culture
A total of 90preantral follicles per animalwere analyzed
histologically. The percentages of morphologically normal
preantral follicles in non cultured tissue or ovarian tissue
cultured for one or seven days are shown in Fig. 1. After
seven days of in vitro culture, there was no signiﬁcant dif-
ference between the two experimental groups in terms of
the percentage of morphologically normal preantral fol-
licles. However, there was a signiﬁcant decrease in the
percentage ofmorphologically normal preantral follicles in
both treatments during the culture period (P<0.05).
3.1.2. Activation and follicular growth after in vitro
cultureAfter one day of culture, both treatments showed a sig-
niﬁcant reduction in the percentage of primordial follicles
(Fig. 2A, P<0.05) with a concomitant increase in the per-
centage of intermediate follicles (Fig. 2B, P<0.05) when
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Fig. 1. Percentage (mean± SD) of morphologically normal preantral fol-
licles in non cultured tissue and after in vitro culture for one or seven days
in animals fed with soybean meal (control) and detoxiﬁed castor meal.
Fig. 3. Viability of preantral follicles in non cultured tissue (Day 0) or
at day 0 or at day 7. However, in both treatment groups, aa,bDiffers signiﬁcantly among the culture periods in the same treatment
groups (P<0.05).
compared to the non cultured tissue. From day 1 to day 7, a
signiﬁcant reduction in the percentage of primordial folli-
cles from the animals fed with soybean meal (control) was
observed (Fig. 2A, P<0.05). Furthermore, at day 7 in both
treatment groups, soybean meal (control) and detoxiﬁed
castor meal, the percentage of intermediate follicles signif-
icantly decreasedwhen compared to the tissue cultured for
one day (Fig. 2B, P<0.05). Alternatively, after seven days of
culture, there was a signiﬁcant increase in the percentage
of primary follicles in both groups when compared to one-
day and non cultured tissue (Fig. 2C, P<0.05). The oocyte
and follicular diameters ranged from 20.35 to 20.99 and
27.38 to 31.49m, respectively, and were not affected by
either culture duration nor the type of diet tested.
Fig. 2. Percentage (mean± SD) of primordial (A), intermediate (B), primary (C) a
culture for one or seven days after animals were fed with soybean meal (contro
periods in the same treatment group (P<0.05). A,BDiffers signiﬁcantly among treaafter seven days of in vitro culture (Day 7) from animals fed with soybean
meal (control) and detoxiﬁed castor meal. a,bDiffers signiﬁcantly between
culture duration in the same treatment group (P<0.05).
3.1.3. Ovine preantral follicle viability before and after
in vitro culture
The follicular viability after seven days of culture was
evaluated with ﬂuorescent Calcein-AM and ethidium-
homodimer-1 probes (Fig. 3). The ﬁrst probe detected the
non-speciﬁc esterase activity in the cytoplasm of viable
follicular cells (Fig. 4A), while the second probe detected
plasma membrane disruption and bound the nucleic acids
of non-viable cells (Fig. 4B). At least 30 preantral follicles
wereassessed ineachexperimental group. Follicular viabil-
ity was not signiﬁcantly affected by the type of diet testeddecrease in the percentage of viable follicles was observed
after sevendaysof in vitro culture (P<0.05). Fig. 4C–F shows
viable preantral follicles after seven days of in vitro culture
nd secondary (D) follicles in non cultured tissue (day 0) and after in vitro
l) and detoxiﬁed castor meal. a,b,cDiffers signiﬁcantly among the culture
tment in the same duration of culture (P<0.05).
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Fig. 4. (A) Isolated viable preantral follicle labeled by calcein-AM (green). (B) Isolated non-viable preantral follicle labeled with ethidium homodimer-1
(red). (C and D) Isolated preantral follicles after seven-day culture from animals fed with soybean meal (control). (E and F) Isolated preantral follicles after
seven-day culture from animals fed with detoxiﬁed castor meal. (For interpretation of the references to color in ﬁgure legend, the reader is referred to the
web version of the article.)
Fig. 5. Sheep embryos obtained by parthenogenesis after 5 days of in vitro culture. (A) Soybean meal (control). (B) Detoxiﬁed castor meal.
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Table 1
In vitro embryo production after fertilization or parthenogenesis.
Treatments Type of activation Number of
oocytes
recovered/animal
Number total
of oocytes
recovered
Number of
oocytes
degenerated (%)
Number of
oocytes destined
to activation
Embryos/
Morula (%)
Soybean meal (control)
IVF
15.50 93
15 (16.13) 54 8 (14.81)aA
Parthenogenesis 24 2 (8.33)bA
Detoxiﬁed castor meal
IVF
11.33 68
18 (26.47) 29 3 (10.34)aB
Parthenogenesis 21 8 (38.09)aA
treatm
e treatma,b Indicate signiﬁcant differences in the same types of activation between
A,B Indicate signiﬁcant differences between types of activation in the sam
obtained from sheep fed with soybean meal (control) and
detoxiﬁed castor meal (Fig. 5).
3.2. Experiment 2
Data regarding the number of oocytes retrieved, degen-
erated and activated by parthenogenesis or IVF, as well
as number of embryos produced from ewes fed with soy-
bean meal (control) and detoxiﬁed castor meal, are shown
in Table 1. Using parthenogenesis activation, a higher per-
centage of embryo production using oocytes from animals
fed detoxiﬁed castor meal was obtained when compared
with those fed with soybean meal (control). Only in those
animals fed with detoxiﬁed castor meal did parthenogen-
esis activation result in a greater percentage of embryo
production than IVF.
4. Discussion
The present study demonstrates, for the ﬁrst time, that
the total replacement of soybean meal with detoxiﬁed cas-
tor meal as a long-term diet (14–15 months) for sheep has
no negative effects on preantral or antral folliculogenesis.
To date, most studies evaluated the possible effects
of partial substitution of commercially available protein
sources, such as soybean meal (Oliveira et al., 2010; Diniz
et al., 2011) or cottonseed meal (Moreira et al., 2003), with
detoxiﬁed castor meal on ruminant digestibility. However,
the evaluation of detoxiﬁed castor meal on reproductive
performance has not yet been realized.
In this study, the percentage of normal follicles in non
cultured tissue was similar in both tested groups. This
result demonstrates that detoxiﬁed castor meal did not
affect in vivo follicular viability. Furthermore, when the
effects of a soybean- versus detoxiﬁed castor meal-based
diet on the in vitro survival of preantral follicles cultured
for seven days was evaluated, high follicular survival rates
(>60%) were achieved in both groups. Indeed, this survival
rate after culture (7 days)was lowerwhen compared to the
non cultured tissue andafter onedayof in vitro culture. Pre-
vious studies testing several growth factors also observed
similar reductions in follicular survival after in vitro cul-
ture of ovine and caprine preantral follicles enclosed in
ovarian tissue (Figueiredo et al., 2011). Notably, even after
sevendays of in vitro culture, the percentage ofmorpholog-
ically normal follicles was equivalent between the tested
groups. Similar results were obtained in the current studyents (P<0.05).
ent (P<0.05).
after using a two-color ﬂuorescence cell viability assay.
This accurate method based on ﬂuorescent probes has
been successfully applied to analyze the viability of bovine
(Schotanus et al., 1997) and caprine (Silva et al., 2010) pre-
antral follicles. Therefore, such probes are a reliable tool to
conﬁrm the follicular survival rates obtained histologically.
These results indicate that the type of diet provided to the
animals did not affect follicular survival either before or
after in vitro culture.
In this study, in both groups, after one day of in vitro cul-
ture, there was a signiﬁcant reduction in the percentage of
primordial follicles; such reduction was associated with an
increase in the number of intermediate follicles, indicat-
ing the occurrence of follicular activation. These data are
in agreement with previous reports showing that -MEM
promotes follicular activation after in vitro culture of ovar-
ian tissue for 1 day (Bruno et al., 2008; Lima-Verde et al.,
2009). This satisfactory result may be due to the rich com-
positionof thebasicmediumused, aswell as the additionof
hormones such as FSH and insulin, which stimulate the fol-
licular proliferation, viability, and activation (Matos et al.,
2007; Fortune, 2003). In addition, after seven days of ovar-
ian cortical tissue culture, both groups demonstrated an
increase in the percentage of primary follicles compared to
tissue cultured for one day or non cultured tissue.
The degenerated oocyte rate and the number of
embryos produced were similar between the tested treat-
ments when the IVF was used. This result demonstrates
that replacement of soybean meal with calcium oxide-
treated and detoxiﬁed castor meal did not impair follicular
development in adult Santa Inês ewes. The use of 0, 33, 67
and 100% detoxiﬁed castor meal in place of soybean meal
does not appear to affect the reproductive performance of
Nelore heifers between the rainy and dry seasons (Barros
et al., 2011).
IVF and parthenogenesis were used to evaluate the
developmental competence of oocytes from ewes fed with
soybean meal (control) and detoxiﬁed castor meal. Using
parthenogenic activation, a higher percentage of embryos
was obtained from the oocytes of animals fed the detoxi-
ﬁed castor meal diet when compared to those fed soybean
meal (control). Only for those animals fed with detoxiﬁed
castor meal, parthenogenic activation resulted in a greater
percentage of embryonic production than IVF. It is well
established that in vitro embryonic production depends
on oocyte competence, sperm quality, and the culture
conditions utilized. Whereas parthenogenesis exclusively
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valuates oocyte inﬂuence on early embryo development
Latham, 1994), it can be stated that oocyte quality was
etter in animals fed with castor meal when compared
o soybean meal because the number of in vitro produced
mbryos was higher. However, the speciﬁc compounds in
he detoxiﬁed castor meal that contribute to this effect
emain unknown.
In conclusion, the present study demonstrates that
etoxiﬁed castor meal can be used as an alternative pro-
ein source without affecting ovine preantral and antral
olliculogenesis. Therefore, this feed represents an alter-
ative method for reducing the costs of animal feed
upplementation. However, further research in the possi-
le detrimental effects of long-term detoxiﬁed castor meal
ngestion on the reproductive performance of ewes is still
ecessary.
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